Abstract: Electric and hybrid vehicles are going to become the most reliable source of transport for future years. The CO 2 and NO x targets in Euro 6 normative puts the producers of vehicles in a dilemma, whether to adapt the internal combustion engines further, or to develop hybrid or electric power trains that are going to reach the pollution limit of the future norms or to go below that. Before acting a well-developed strategy in determining the optimum power flow has to be developed by producers; CRUISE software is a tool with the unique and special characteristics to determine the optimum in this highly important area. Whether electric vehicle, electric vehicle with range extender or a hybrid with CVT or planetary gearbox, the complexity of the mathematical modules remains the same, giving the developer the possibility to create complex functions and distinctive characteristics for each component of the vehicle. With such a powerful tool it becomes extremely easy to evaluate the energy flow in all directions, from electric machine to the battery, from electric machine to the power generator, and from the electric machine to the internal combustion engine. Applying to the (Electric Vehicle, Electric Vehicle with Range Extender, Hybrid vehicle with CVT, Hybrid vehicle with planetary gear set) the ECE-15 in a virtual environment (urban driving cycle) the simulation results show a different usage, rate of storage and efficiency concerning the energy, this being dependent of the power train configuration in most part.
Introduction
The European Commission through its Vice-President Antonio Tajani, (Industry and Entrepreneurship) views electric vehicles as one of the most promising technologies for greener transport [1] .
The concern for creating a reliable tool for technical and scientific information in the area of vehicle electrification is one of the key issues of the moment [2] . Not only would such a tool be cost-effective but it would assist decision- * E-mail: bogdan.varga@auto.utcluj.ro. making around whether to adapt the internal combustion engines further, develop hybrid or electric power trains (able to reach the pollution limit of the future norms ex. Euro 6) or go below the specified norms.
Simulation software has been used successfully to determine optimum connections whether parallel or serial [3] . However, an optimizing data management tool for such a complex vehicle area remains a challenge [4] .
The analysis will integrate the concepts mentioned before, bringing together in a complex environment the optimum parallel to serial electric configuration with the right data management of the electric and hybrid vehicle. It will focus on a strict supervision of the energy used and recycled in order to get the vehicle in motion for various power train configurations. Although battery models and electric machines have been developed [5, 6] , energy flow analysis is still needed. This is because without the right power train, the energy produced may not reach the wheels, or the recycled energy in active braking may be lost in the kinematic chain and not reach the battery. Höhlein et al. have done an analysis of the power trains used in electric and alternative fuel vehicles [7] . This analysis offers scientists, an understanding of the implications of power trains on vehicle behaviour and energy consumption. CRUISE is a vehicle and power train system simulation tool. It supports different tasks in vehicle system and driveline analysis throughout all development phases, from concept planning, through to launch and beyond. Its application covers conventional vehicle power trains through to highly-advanced hybrid systems and pure electric vehicles. The software offers a streamlined workflow for a range of parameter optimization and component matching -guiding the user through to practical and attainable solutions [8] .
Computational environment

Scope of the software
CRUISE is software for simulating driving performance, fuel consumption and emissions. Its modular concept enables free modelling of all possible vehicle configurations while sophisticated algorithms guarantee short calculation times. CRUISE can be used in drive train and engine development to calculate and optimize the following:
• Fuel Consumption and Emissions The modular structure of CRUISE permits modelling of all existing and future vehicle concepts for both single and double track vehicles (motorcycles, passenger cars, trucks, etc.). CRUISE combines the features of many software packages for the calculation of driving performance, fuel consumption, and emissions. It can also evaluate the effects of diverse driving cycles (e.g. FTP72, ECE-R15, HDC), on traction curves, acceleration, maximum speed, hill climbing ability, etc. 
Simulation models
The vehicle elements are represented by suggestive images connected together by connection lines. Every element, based on its scope has "in", or "out" connections, the number of these connections depends on the structure and role of the element (e.g. electrical motor has one "in" and two or three "out"). Each line of connection supports the following types of flow:
• Energy stored (kJ)
• Energy (kJ)
• Power (kW)
• Torque (Nm)
The inputs of each element are selected from an extensive library, or the user has the possibility to generate its own specific physical characteristics. all vehicle components will be validated before simulation will occur. The simulation of the complete vehicle supports several modes for establishing the limits of physical calculated data and also the way these values are calculated depends on the following criteria:
• Simulation based on -Implicit Euler;
• Simulation based on -VSS Bulirsch/Stoer;
• Simulation based on -FSS Bogacki/Shapine;
• Simulation based on -FSS Heun.
The tree model of the software structure is presented in Fig. 2 , advantages of this structure being well known. The operator generates the main model just by adding in the main board elements of the vehicle; each element being definite in detail once inserted in the structure. After the "vehicle" is completed a decision concerning the type of test cycle has to be made, and a file with the type of "project" is inserted (in our case NEDC). The "project" cycle ( Fig. 3) is designed in advanced and it has to take into account several data before being able to take over the vehicle dynamics:
• Minimum velocity; • Maximum velocity;
• Shifting time;
• Shifting signal;
• Gear;
• Velocity.
Once the vehicle and the "project" are validated on the main board, the calculation center comes into action to establish how the model will be simulated: single calculation, matrix calculation, component variation or batch calculation.
Power train configuration
To establish the proper energy flow analysis for electric and hybrid vehicle configurations the four most common power train configurations were chosen for: electric, electric with range extender, hybrid with CVT and hybrid with planetary gear box (Fig. 4 ). All models have front wheel transmission but the mechanical configuration varies for each model, depending on the model of hybrid or electrical vehicle. This mechanical configuration, with values specified for each gearbox or and for connectivity between the electrical machine and generator, influences the power flow in each of the analysed models. The power train configuration of the electrical vehicle (Fig. 4a) consists in an electrical machine (320 V, ASMmachine, maximum speed 10.000 1/min), a final drive (6,058 ratio), a differential and the wheel connections. There is also an electrical system connected with a LiIon battery (320 V) that cams in the connection with the electrical machine also. The power train configuration of the electrical vehicle with range extender (Fig. 4b) consists in an electrical machine (320 V, ASM-machine, maximum speed 10.000 1/min), a final drive (6,058 ratio), a differential and the wheel connections. The electrical system is connected with NiMH (40 cells), with a generator (320 V, ASM-machine, maxi- mum speed 10.000 1/min) and a 4-cylinder, gasoline engine (2000 cm 3 , without charger).
The power train configuration of the hybrid vehicle with CVT ( Fig. 4c) consists in a 4 cylinder, gasoline engine (1460 cm 3 , without charger), an electrical machine (144 V, PSM-machine, maximum speed 10.000 1/min), a battery (160 V, 1-cell), a clutch, CVT (minimum ratio-0,5; maximum ratio 2,8726), single ratio transmission (5, 5) , differential and the wheel connections. The power train configuration of the hybrid vehicle with planetary gearbox (Fig. 4d) consists in a 4 cylinder, gasoline engine (1497 cm 3 , without charger), an electrical machine (288 V, PSM-machine, maximum speed 10.000 1/min), a battery (NiMH, 288 V, 40-cell), a generator (288 V, PSMmachine, maximum speed 10.000 1/min), a planetary gearbox, single ratio transmission (3,905), differential and the wheel connections. netic synchronous motor), both used as electric machines for electric and hybrid vehicles. This type of electric machine is standard for electric or hybrid vehicles. Hybrid vehicles use the PSM machine and their efficiency for regenerative braking or normal driving is presented in Fig. 5c and d. The electric machine of the electric vehicle needs to be efficient enough to provide in areas normally supplemented by the internal combustion engine in a hybrid vehicle. (Fig. 5a and b) .
Simulation strategy
Once the four models have been generated the same operation cycle (NEDC) has been loaded for each of them. The calculation center was activated and the calculation of the models was generated using the "Implicit Euler" method. The simulation lasted 28 seconds on average for each model and the application returned no error or warning. Only the single calculation option was used. Other options would have been: matrix calculation, component variation or batch calculation. The results manager folder was popuated with graphs covering all vehicle components. The most general graphs are those covering abundance, condensation, cycle run, driving time distribution, proportion of fuel consumption and summary.
Simulation results
Concerning the energy flow in and from the battery the results show that in the case of the electric vehicle (Fig. 6a) , there is a gap of 11% for the cumulative energy input and 89% for the cumulative energy output. In the case of electric vehicles with range extender (Fig. 6b) , a gap appears between cumulative input and output energy, with input reaching 12% and output 88%. This cumulative energy input is reached on active braking after maximum energy consumption is reached. In the case of the hybrid vehicle equipped with CVT (Fig. 6c) , the cumulated value on the input energy is only 5%, due to the poor characteristic of the battery (1-cell). The input value for the hybrid vehicle equipped with a planetary gearbox (Fig. 6d) , reaches 38%, due to the high capacity characteristic of the NiMH battery. The graph also presents the vehicle's speed for a better understanding of the phenomena that appear and to underline that energy flow is dependent on vehicle speed behaviour. When we talk about the energy flow of the electrical machine we have to consider the dependence between input energy flow and vehicle speed. The higher the vehicle speed, the higher the input energy flow. In the case of the electric vehicle (Fig. 7a) and the electric vehicle with range extender (Fig. 7b) the energy flow follows the same rules; the dependence between speed and energy input is maintained, though the values are different. Things change when we analyse the hybrid vehicles (Fig. 7c, d) , the law is no longer the same when we talk about the dependence of input energy and vehicle speed. The hybrid with the CVT (Fig. 7c) has a sinuous curve of the input energy and is no longer dependent on the speed of the vehicle. If we analyze the hybrid with planetary gearbox (Fig. 7c) , the dependence between the speed of the vehicle and the input energy remains. This is one of the first signals that the energy flow in an electric machine is influenced by the power train configuration; in this case, by the CVT. The simulations are therefore useful for deciding between planetary gearbox or CVT based on the vehicle's proposed usage regime. Further analysis reveals a similarity between the energy consumption value for both electric vehicles -a cumulated value of 0.111 kWh for the total electric vehicle (Fig. 8a) and a value of 0.112 kWh for the electrical vehicle with range extender (Fig. 8b) . Fuel consumption for the electric vehicle with range extender reaches a cumulated 1.4 l/h. For the hybrid vehicle equipped with CVT the electric consumption reaches the cumulated value of 0.110 kWh, closer to the electric vehicles. The fuel cumulated consumption reaches 3.6 l/h. For the hybrid vehicle equipped with planetary gearbox things change a lot, the electric consumption reaches the cumulated value of only 0.04 kWh, while fuel consumption has a cumulated value of 5.4 l/h. Yet again we see the influence of the power train in the energy consumption of hybrid vehicles equipped with automatic gearbox versus hybrid vehicles equipped with CVT. However, the very low energy consumption is offset by fuel consumption, so a further analysis in the management of the hybrid control unit is needed.
Results and Discussions
For a proper and useful evaluation of the energy flow in all 4 cases, the application can give feedback at any point in the evaluation cycle. By connecting at the entrance or at the exit of every block, graphs can be generated and their value is variable over time. It is extremely helpful for a post analysis to be able to stop the simulation and get the energy flow results for that specific moment.
During analysis (Fig. 9 ) each vehicle's block energy consumption can be evaluated with simulation values for each allowing for specific interconnectivity to me made. Based on the post simulation results the graphs from (Fig. 10, 11) can be generated. The cumulated values give an overview about the efficiency and about the maximum capacities of each electric component of the vehicle. The battery is one of the most important elements of the electric and hybrid vehicle. Fig. 10 presents the energy consumed and the charged energy for the evaluation cycle. The battery of the hybrid vehicle with automatic gearbox behaves differently due to the management of the hybrid vehicle. The electric machine, the generator and the internal combustion engine are used differently to a hybrid with CVT. This approach tends to limit the cumulated values of the battery, maintaining a high charging rate for the battery, while conserving its energy capacity. If we analyze the electrical machine (Fig. 11) for the hybrid vehicle with automatic gearbox it can be seen that the internal combustion engine is used more to produce electric energy, because the electric machine produces more than it consumes. This also results in the largest fuel consumption of all the four vehicle configurations. Yet again the influence of the power train over the energy flow of the vehicle is present.
Conclusions
Cruise is a powerful tool to analyse and evaluate the electric and hybrid vehicles from the point of view of energy flow and not only. The applied cycle the NEDC is one of the reference cycles for homologating the vehicles. The paper presented the analysis on the ECE-15 part of the NEDC, and it focuses in energy flow through the all vehicle components. The results show a direct influence of the power train configuration on the behaviour of the energy flow from the electrical machine to the battery and vice versa. It is extremely useful to be able to virtually analyse the energy flow before making a decision about the type of components and elements that are going to be used for the future electric or hybrid vehicle. Using an electric motor as the sole propulsion energy source for the electric vehicle has its downside, namely, energy consumption. However an electric vehicle with a range extender has a lower cumulated energy for maximum acceleration than a pure electric vehicle. In the case of hybrid vehicles, using an automatic transmission instead of a CVT will provide higher power in acceleration but a high fluctuation in energy recovery during active braking. The analysis made in post simulation is useful because it gives a comprehensive understanding about the energy flow in each element of the vehicle and can serve to evaluate the interdependence between the connected elements.
The general conclusion of this paper is that no matter how potent various electric elements are, without a power flow analysis in a virtual environment of the electric or hybrid vehicle elements arranged together, it is impossible to give a verdict about the efficiency of the electrical power train and about the vehicle itself. This type of analysis becomes useful in the proper evaluation of any type of vehicle that uses any form of energy for self-propulsion; an analysis of energy flow is on the other hand key for a reliable and valid electrical or hybrid design.
